A new type of absorption tube for the study of metal vapours is described. It is shown how the effective length of the absorbing column may be calculated. Measurements of the continuous absorption in potassium vapour, extending into the vacuum ultra-violet, are described. A separation of the atomic and molecular absorption is effected. At short wave lengths the atomic absorption appears to increase rapidly, and varies linearly with the frequency. The value of the absorption coefficient at the series limit is 1-2 (+ 0*3) x 10-20 cm.2.
Introduction
The study of the absorption of light in metal vapours is technically difficult because of the rapidity with which the vapours attack the windows of the aborption vessel. By using a very long tube it was found possible, in the case of caesium, to obtain a measurable amount of absorption at temperatures so low th at the change in the transparency of the windows during one experiment was negligible (Braddick & Ditchbum 1934) . This method cannot be applied to the other alkali metals because higher temperatures are required to produce a suitable vapour pressure.
In order to avoid the difficulty, it has been usual to place the active metal at the centre of a long steel tube whose ends are kept cool, and the metal is prevented from distilling rapidly to the ends by means of an inert filling gas. This method has the disadvantage th at the concentration of the vapour at any point in the tube is not definitely known, and cannot be varied in a controllable way. Also it is necessary to use a considerable pressure of the filling gas, and it is impossible to be sure th a t this gas is not exerting an appreciable effect upon the absorption. The continuous absorp tion of potassium was measured by this method by one of us about 15 years ago (Ditchburn 1928) , but owing to the difficulties we have mentioned it was not possible to make a certain and satisfactory separation of the molecular and atomic absorp tion. This paper describes a new technique for overcoming the difficulties, and gives the results obtained by applying it to the measurement of the absorption of potas sium vapour in the region 2900-1600 A. The experiments have been interrupted owing to war conditions, but the results so far obtained appear to cover the most im portant points connected with the atomic absorption. They give the essential features of the variation of absorption with wave-length together with a moderately accurate determination of the absolute value of the atomic absorption coefficient at the series limit. 
Theory of the method
The principle of the method may be understood by reference to figure 1 which shows two different forms of absorption tube, and the temperature distribution which is maintained in each. Figure 1 (a) shows the form first used, and figure 1 ( that used for the final experiments. It is more difficult to arrange the heating coils and lagging to give the temperature distribution required for the second type of tube, but the accuracy of the results obtained and the simplicity of the theoretical calculations justify the extra trouble. It is intended to use this form in any future experiments. The general principle applying to both absorption tubes is th at the metal is allowed to diffuse from the source A (or A 1 and 2) to the cooler ends of the tube, but the geometry of the tubes is arranged so th a t the concentration of the vapour at any point can be calculated. It is found th at with this type of tube a very low pressure of filling gas is sufficient to restrain the diffusion.
In order to obtain the atomic absorption coefficient it is necessary to derive an expression for the amount of light absorbed, taking account of the variation of the concentration of the vapour in different parts of the tube. We shall first make the calculation assuming that the vapour is monatomic so th at the absorption coefficient is proportional to the pressure. In these circumstances the amount of light ab sorbed in passing through the thickness dx of the
where /? is the absorption coefficient for unit pressure and is related to the atomic absorption coefficient < r by the expression R. W. Ditchburn, J. Tunstead and J. G. Yates 
where T is the temperature, and N is the number of molecules per c.c. at s .t.p . If the temperature is the same at all parts of the absorbing column and is a known function of x, the expression (1) may be integrated in the form
I t is convenient to calculate the equivalent length of the absorbing column, which we define to be a column of vapour at constant pressure which produces the same absorption as the actual column. This length will be
To obtain the equations required for this calculation it is desirable to consider qualitatively the process by which equilibrium is established. We start with the tube cold and the inert gas present at a certain pressure (say P). Let us assume th a t the system is connected to a reservoir of large volume so th a t subsequent changes in the temperature of the absorption tube do not alter the pressure in the reservoir. Then the total pressure at any point in the absorption tube will always be P. As the potassium is heated the partial pressure of the vapour a t any point in the absorption tube will increase and th at of the inert gas will decrease so as to keep their sum equal to P. Thus the vapour drives out part of the inert gas, and when a steady temperature is reached the vapour-gas mixture is in a state of dynamic equilibrium. There is then no net movement of the inert gas in any direction, but there is a slow transfer of the metal by diffusion of the vapour through the inert gas. This type of equilibrium obtains only so long as the vapour pressure is less than P. If the vapour pressure exceeds P a bodily flow of the vapour (as opposed to a diffusion) takes place and the metal is very rapidly transferred to the ends of the tube. If a vapour pressure of the order of 0*8 Pb e used, the rate of diffusion of the vapour is still slow and partial pressure of the inert gas in the main portion of the absorption tube is con siderably less than th at of the vapour. The effect on the absorption of collisions between inert-gas atoms and the vapour molecules is then negligible in comparison with th at of collisions of vapour molecules amongst themselves. The usual theory for the one-dimensional problem of inter-diffusion of two gases in a tube of uniform bore leads to the relation
where n x, n2 are the concentrations of the vapour and gas respectively a t the point r i and F2 are the numbers crossing unit area from left to right, at the point x, per second, and D is the diffusion coefficient. In the usual problem to which equations (5) apply both gases move along their own concentration gradients, and nx and are functions of the time. In our problem the vapour diffuses through the inert gas and there is no net motion of the latter. To take account of this effect we assume th at at any point there is a movement of the whole system considered above, sufficient to transfer F2 molecules of the inert gas from right to left. This will transfer also
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-r 2 molecules of the vapour from right to left o r ----~r i from left to right, so the
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total movement of the vapour component is
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In a uniform tube F* must be independent of x. In terms of partial pressures this becomes r * _ -P m Jc T p 2 d x ' p x being the pressure of the vapour, and p 2 th at of the inert gas. Substituting P -p 2 for p x in (7) and integrating we obtain The form of the result is shown in figure 2 . This result can be extended to the case where the tube consists of a number of different cross-sections. Neglecting endeffects, it is clear that since the total flow across any cross-section of the tube is constant, JT* is inversely proportional to the area of cross-section. Hence for each uniform section a solution of the form (8) is obtained with different values of a. These may be fitted together using suitable boundary conditions to secure con tinuity at the junctions. It is possible, however, to use the same value of a through out if the scale of length be adjusted in each part of the tube in inverse proportion to the cross-section of th at part. distance from reservoir F ig u r e 2. Pressure distribution in a uniform tube for the forced diffusion o f a vapour through a gas.
In tube 1 a the flow is from the side tube to each end of the main tube. Considering each half separately, the flow can be taken as through a tube of four different crosssections, namely, the side tube, the central main tube, the narrow section and the condensation section. I t must be noted th a t only half the cross-section of the side tube is available for feeding one end. The value of L can now be calculated either directly from (8) using the boundary condition at the condensation point or by a graphical method. The latter is more convenient. A suitable method is to plot the curve of the equation
where y represents px. The areas corresponding to Jfor differen the tube are obtained by a planimeter, allowance being made for the change in the scale of x. In the experiments the cross-section of the narrow portion is about onetwelfth th at of the main tube. This leads to a value of a twelve times as large as th at of the main tube, consequently the main fall in pressure occurs in this narrow section. With tube 16 we have to deal with seven sections, the central section between the two potassium reservoirs, each reservoir to the corresponding narrow tube, the two narrow tubes and the two condensation sections. In the practical case, nearly the whole fall of pressure is in the narrow tube and the condensation section. It is sufficient to assume th a t the pressure in the section between the two reservoirs is the vapour pressure corresponding to the temperature of the reservoirs, and to use the above theory to give the pressure in the remainder of the tube. The simple theory given above involves several approximations whose effect may now be considered.
(а) End-effect. The one-dimensional diffusion equation does not apply in the region where an abrupt change of cross-section occurs. The correct equations are very similar to the equations for the electrical resistance at the junctions of con ductors of different diameters. Applying the solution of this latter problem, it is found that the correction to the effective length of the absorption tube is negli gible.
(б) Variation of temperature along tube. The diffusion coefficient is approximately proportional to T 2 and therefore a is approximately inversely proportional to T. The variation of temperature in the main part of the absorption tube is so small th at it is sufficient to use the average value throughout. The variation in the conden sation section will produce a small correction tending to increase a and hence to decrease the effective length of the tube a little.
(c) Variation of composition along tube. The value of D and hence of a is a function of the partial pressures, but the variation is very slow (Kennard 1938 ) and the effect may be neglected.
(d) Eddy effect. The theory would become inapplicable if large convection cur rents were to take place. Such convection currents are not very probable in the narrow sections of the tube. In the wide section their effect would tend to equalize the concentration of the vapour at different parts of the section. This would increase the concentration at the ends of the wide section and hence increase the rate of flow a little. Since the variation of concentration in this section given by the above theory is already small a further reduction in the variation is probably unimportant.
(e) Molecular absorption. In the simple theory it was assumed th at the vapour is monatomic and that absorption is directly proportional to the vapour pressure. I t is known th at about 3 % of the vapour is in the form of diatomic molecules and th at in certain regions of the spectrum these are responsible for an appreciable fraction of the whole absorption. The fraction of molecules is so small th at it is not necessary to take account of effects on the diffusion equilibrium due to differences between the molecular and atomic diffusion coefficients, etc. It is, however, necessary to take account of the fact th at the effective length of the tube for molecular absorption (Lm) is proportional to J p 2dx, whereas that for atomic absorption (LA) is given by J pdx. An investigation of this problem shows th at for the higher vapour pressures used in our experiments L M is about 5 % less than LA and for the lower pressures about 20 % less than LA. The effect is thus sufficiently important account, but it need not be accurately calculated.
The general technique used is very similar to th at previously employed (Braddick & Ditchburn 1934) . Changes in technique will be described under the headings:
(а) General arrangement. The tube 1 a differs from the absorption tubes previously used in th at the ends project from the furnace. It is thus possible to make the main support independent of the furnace. The tube is held in stands which permit lateral extension and is also supported by a single V in the middle of the furnace.
(б) Temperature control. The temperature is measured at points marked T in the diagram, by means of chromel-alumel couples, and the temperature of the side tube is measured by a Pt/P t-R h thermocouple, one junction of which is immersed in a sulphur boiling-point apparatus. The calibration is checked by determining the zinc freezing-point.
(c) Preparation of potassium. For most experiments potassium was prepared by redistilling ordinary potassium; for some experiments a special pure potassium obtained from Messrs Schuchardt was used. A small trace of sodium could not be removed.
(d) Light source. The hydrogen discharge tube previously described (Braddick 1934) is used.
(e) Photographic. Ilford Process plates are used for the range 3000-2200 A, and Ilford Q plates for a few experiments in which the range was extended to 1900 A. A Hilger monochromator (D 33) is used, with camera, as a spectrograph. The prism was specially selected for transparency to the region 2000-1850 A. 4
Apparatus for the vacuum ultra-violet absorption measurements
(a) Construction. For these experiments the absorption tube must be connected to the lamp on one side, and to the vacuum spectrograph on the other, by gas-tight joints. As the absorption tube has to be heated up through approximately 400° C, the joints must be flexible enough to take up the thermal expansion, without dis tortion of the optical system. The absorption tube is a complete unit being closed at the ends by waxing on 1 cm. diameter fluorite lenses.
The spectrograph is of the type described by Cario & Schmidt-Ott (1931) . The end of the absorption tube fits into and is waxed to a rigid steel stand which is joined to the spectrograph through a 6 in. length of £tom bac' tubing. The spectrograph is placed on a mounting designed on geometrical principles. The latter enables the necessary adjustments to be made while preventing any relative motion between the lens on the absorption tube and the slit of the spectrograph. W ith this arrangement the total thermal expansion has to be taken up at the end of the absorption tube next the lamp. The latter is connected to the tube through a small length of rubber tubing. The light from the capillary passes through this rubber tube, and is colli mated by the lens on the end of the absorption tube.
(b) Furnace and temperature measurements. The furnace is designed so th a t the mean temperature has to be raised by as little as possible throughout an experiment. This reduces errors due to possible distortion of the optical system. The furnace is a single steel tube wound with nichrome ribbon over a mica insulation. The two sharp minima in the temperature curve (one shown in figure 16 ) are obtained by encircling the tube with 1 in. copper bands, from which radiator fins project. The rest of the tube has a jacket of asbestos cement whose thickness varies from point to point so as to produce the desired temperature distribution. The expansion of the steel tube controls the mean temperature automatically. This is achieved by means of the differential expansion between the furnace tube and a tube of the same length kept a t room temperature by passing water through it. A system of levers magnifies the expansion and operates a relay. The temperature of the two potassium reservoirs is controlled independently of the main furnace. Auxiliary heaters are required for these points. A steel jacket is made to fit exactly over the potassium reservoir and the neighbouring portion of the absorption tube (see figure 16 ). I t is wound at the ends with nichrome wire over a mica layer. The whole fits inside the main furnace. About 20 W is required to raise the temperature of the reservoirs to 10° C below the mean temperature. Temperatures are measured by six chromelalumel thermocouples; one at each of the potassium reservoirs, one a t each endnear the middle of the narrow tubes-and two at the central portion of the tube. The thermocouples on the reservoirs are pushed in between the steel jacket and the glass. The other thermocouples are wired to the outside. I t has been verified pre viously th at the thermocouples at the reservoirs read the lowest temperature in th at region.
Before inserting the tube in the furnace the potassium is distilled in through a side tube which is sealed off. Helium is admitted to a pressure of 1 cm. The tube may then be warmed to run the potassium into the reservoirs. Oil-diffusion pumps with liquid-air traps are used to avoid possible contamination with mercury. The helium is admitted over charcoal cooled in liquid air.
(c) Photometric technique. Ilford Q plates are used. The size of plate for t his spectrograph is 12 x 1*9 cm. On this not more than seven spectra can be taken. Exposures are started and stopped by means of a magnetically controlled shutter. In an experiment two comparison spectra are taken with the furnace at a low temperature. Two absorption spectra are taken with the furnace at a higher tem perature. On cooling two more comparison spectra are photographed. The small size and enclosed shape of the spectrograph prevents the use of grids for comparison purposes. The comparison spectra are obtained by reducing the exposure time and assuming th at the reciprocity law holds. This assumption is checked in the range 2300-1900 A by a series of experiments using a Hilger E31 spectrograph, and comparing the reductions of density due to reduction of exposure time with those due to reduction of fight intensity, by means of the calibrated grids. The results of these subsidiary experiments are applied to determine the constant in a formula of the Schwarzschild type ( D = log Itp). The constant was i length and lay between 0-95 and unity for the range of densities used. I t is therefore reasonable to assume th at this value of p remains unchanged in the region of the spectrum 1900-1600 A.
(d) Experimental. Before absorption measurements can be made the apparatus must be tested for sources of error. Such errors are:
(1) Variations in the output of the light source in the region 2000-1600 A due to ' clean-up ' in the discharge.
(2) Absorption due to gases emitted from the spectrograph and the photographic plate under vacuum.
(3) Spurious 'absorption' effects due to changes in the optical alignment caused by the thermal expansion of the absorption tube.
To test for the latter error an experiment, similar to the real experiment, is done in which the temperatures are lower so th a t the pressure of potassium vapour is negligible. The error can be reduced by the use of a rather wide slit. figure 3 . Curves (I), (II) and (IV) were obtained with the vacuum spectrograph; curves (V) and (VI) with the quartz spectrograph; and curve (III) is a composite curve made up of results obtained by both methods. From the curve it may be seen th at in the region of overlap the agreement between the two sets of experiments is satisfactory. The shape of the curve is also in good agreement with th a t previously obtained by one of us for potassium in the presence of small amounts of nitrogen (Ditchburn 1928; see figure 8 ). The most striking feature of these curves is the very large increase of absorption towards the short wave-length end of the spectrum. The absorption shown in these curves is partly atomic and partly molecular, and before attempting any theoretical interpretation it is necessary to separate the two parts.
R esults (а) Variation of absorption coefficient with wave-length and pressure. The absorption, log (I/I0), as a function of wave-length is shown for several different pressures in
(б) Separation of atomic and molecular absorption. Under the conditions of our experiments, it may be assumed th at the atomic absorption is directly proportional to the concentration and the molecular absorption to the square of the concentration. The total absorption is then given by an expression of the form
where p is the measured absorption coefficient, cr is the part due to atoms, and t th at due to molecules. The concentration c is proportional to the vapour pressure divided by the mean temperature of the absorption tube. The vapour pressure is obtained, from the temperature, from the equation given by Ditchburn & Gilmour (1941) . If we plot pjc against c we should obtain a straight-line graph, and cr and r can be determined from the intercept on the axis and the slope, respectively. The observations were plotted in this way, for different wave-lengths, due allowance being made for variations in the effective length of the absorbing column, and for differences in temperature. In this way the graphs of atomic and molecular absorp tion shown in figures 4 and 5 were obtained. The analysis shows th a t for most wave lengths and pressures the greater part of the absorption is due to the atoms. I t is therefore possible to determine the atomic absorption fairly accurately, and the absorption shown in the graph is probably correct to within 20 % over most of the range. The absorption coefficient at 2300 A is more accurate than this and may be stated as 4-4 ( + 0-5) x 10~20cm.2; the absorption coefficient at the series limit may be given as 1-2 ( + 0-3) x 10 20 cm.2. The molecular absorption curve is less accurately known, since small errors in the accuracy of the results and in the method of separating will have a proportionately larger effect. It is, however, fairly certain that the molecular absorption is great in the region 3500 A and decreases to a very low value which may be zero in the Vol. 181. A.
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region 2500-2000 A, and increases again in the far ultra-violet region. Accepting the usual estimates for the proportion of molecules present it appears th a t the molecular absorption in the region 3100 A is very high, being of the order 3 x 10~18 cm.2.
(c) Shajpe of absorption curve near series limit and pressure effect. In the experi ments on caesium it was found th a t the absorption appeared to increase very sharply on the long-wave side of the series limit (Braddick & Ditchbum 1934) tion of the photometer traces suggests th at this effect probably exists in potassium, but is much weaker than in caesium. The shape of the curve near to the potassium series limit is very similar to th a t found for caesium in the presence of a considerable pressure of gas, and is possibly due to some interaction between the potassium atoms. The presence of the sodium absorption line 2853'9 A prevented us from determining whether the position of the maximum absorption coincides exactly with the theoretical series limit 2856*6 A.
Nearly all the experiments were done with helium as the filling gas and the pres sure of helium in the tube was of the order 5 mm. According to results previously obtained on caesium (Ditchburn & Harding 1936) this amount of filling gas should exert quite negligible effects on the absorption. A very few experiments done with neon and argon as filling gas at pressures of the order of 3 cm. indicated th at these did not produce any large effect; although there was probably a small reduction in
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Discussion
The atomic absorption curve is in agreement with the curve obtained by the direct method (Lawrence 1925) as far as the wave-length 2300 A. The later photo electric measurements of Lawrence & Edlefsen (1929) , using the space-charge ioniza tion spectrum, indicated the existence of a definite maximum in the curve in the region 2300 A; whereas our curves do not indicate such a maximum. Other evidence has shown th at the theory of the space-charge detector is more complicated than was originally thought, and a very small variation in the efficiency of the space-charge detector would be sufficient to explain the discrepancy (McFadden 1942 ). It appears fairly certain th at our curves give the absorption correctly and that this absorption is all due to the photoelectric process. The theoretical calculation of Phillips (1932) led to the result th at the absorption should be 2-2 x 10~6 * * * * * * * * * * * * * 20 cm.2 at the series limit and should decrease monotonically, as shown in the dotted fine in figure 4. It is obvious that the experimental results are in direct conflict with the theoretical calculations on this point. Early in 1939 calculations of the continuous spectrum of potassium were being carried out under the direction of Professor D. R. Hartree using the differential analyser and taking into account exchange forces. I t was hoped th a t these might have cleared up the discrepancy, but unfortunately it was not possible to complete the work. Recent calculations of continuous absorption coefficients (Bates 1939) have shown th a t for atoms like oxygen, fluorine and neon the absorption does not decrease monotonically from the series limit. Calculations on exchange effects in Ca and Ca+ (Bates & Massey 1941) show th at exchange effects materially alter the shape of the absorption curve.
w ave num ber x 10-4 F ig u r e 6 . A bsorption coefficient p lotted against w ave num ber. I P otassiu m . I I Caesium .
(Ordinate-scale applies to potassium . Ordinates for caesium have been reduced b y a factor of three.)
In the case of caesium it was similarly found experimentally th at the absorption did not decrease monotonically from the series limit, but over the portion of the spectrum measured the increase was not so rapid as in the case of potassium. For caesium it was possible th at the total integral to the absorption curve (which is proportional to the f value for the continuum) could be equal to th a t calculated theoretically; though this would only be so if the absorption decreased very rapidly just beyond the wave-length at which the observations finished. The present results for potassium indicate th at the / value obtained for the continuum from the experi mental results is many times greater than th at predicted theoretically. This suggests very strongly th at some process involving an electron other than the valence electron is operative. In this connexion it is probably significant th at the absorption measure ments for sodium and lithium (which have no incomplete inner shells) are in agree ment with the theoretical calculations. For caesium and potassium in the region of short wave-lengths the absorption coefficient appears to be proportional to the frequency. In figure 6 it may be seen to what extent this empirical law holds.
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I . I n t r o d u c t i o n
The main part of the non-ionizing component of cosmic radiation is known to consist of photons. The photon component was investigated by an anticoincidence method by Janossy & Rossi (1940) and Regener (1940) . The present paper deals with experiments which are an extension of the photon experiment. They give
